This work assesses the contamination of sediments from two rivers and the Bay of Tangier in northern Morocco, by applying a protocol based on thermal analysis applied to sediments in southern Spain and recently published (RODRÍGUEZ-BARROSO et al., 2010).
Introduction
Thermogravimetry (TG) was used to investigate the pollution on marine and river sediments close to urban and industrial sites in northern Morocco. Sediment weight loss when heated (TG) was performed under oxidizing conditions from 250°C to 900°C. The first derivative of TG curves was used to generate a Cartesian diagram for sediment cataloging, in a quick way, according to their organic matter and grain size contents. In this diagram, sediments placed to the right side, characterized by a prevalence of the fine fraction and high organic matter content, are mainly sediments from Mghogha river, while samples with a large sandy fraction placed to the left side of the diagram are characterized by large sandy fractions, and in general, low organic matter contents, sediments from Tangier Bay and Souani river.
Materials and methods
16 stations from two rivers (Souani and Mghogha) in the north of Morroco (Tangier) and 11 stations from the bay of Tangier were studied. All are characterized by receiving effluents from the adjacent populations. Some of the cities in these zones have not treated their effluents until recent years, therefore the sediments close to the discharge channels have been subjected to substantial contamination of urban origin.
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2.1. Thermal analyses Thermal analyses (TGA) were carried out using Perkin-Elmer TGA7 modular equipment with a microbalance (0.1 g sensitivity) and a furnace element with a chromel-alumel thermocouple. Prior analyzer calibration was performed from the onset temperature corresponding to Curie Points of nickel and perkalloy. For weight calibration a 100 mg ClassM reference was used. In several previous works we have demonstrated the utility of the thermoanalysis technique for the evaluation of organic matter and heavy metals in ground sediment (RODRÍGUEZ-BARROSO et al., 2006 , 2008 . In order to optimize these determinations, we concluded that bulk sediments, recently collected, should first be washed according to the following protocol: ( ) in an oxygen atmosphere. This analytical procedure has the advantage of providing results in 4-5 h, and according to LÓPEZ-CAPEL et al. (2006) , requires only a small amount of dry sediment (30 mg), and allows very useful correlations to be obtained between organic matter and thermal parameters, for estimating the level of contamination in sediments (RODRÍGUEZ-BARROSO et al., 2006 , 2008 , 2009 ).
Results
The results of thermal analysis are presented in Table 1 as the relative weight losses (ΔW% of total sample weight) that occur when heating the samples at the 2 temperature ranges 250-650°C (W 1 ) and 650-900°C (W 2 ). The total weight loss (W total ; sum W 1 and W 2 ) and the percentage in each range of temperature relative to Wtotal are also shown. In a previous study (RODRÍGUEZ-BARROSO et al., 2006) , we have reported that weight loss in the 250-400°C range could be considered as an estimation of the organic matter content of the sediment and those above 600°C as an estimation of the granulometric and mineralogic characteristics of the sediment. Additionally, we have proved (RODRÍGUEZ-BARROSO et al., 2008 , 2009 ) that other pollutant elements, like heavy metals (Ni, Cu, Cr, Cd, and Zn) and nutrient such as total nitrogen, could be absorbed and/or form organometallic complexes with the organic matter incorporated into the sediments. A better understanding of the sediment characteristics from thermogravimetric curves can be acquired when carrying out a Cartesian diagram with direct regard to sediment composition (RODRÍGUEZ-BARROSO et al., 2010) . The diagram represents W 1 versus W 2 and the meaning of both axes could be related with the organic pollution level (organic matter content, nutrients, and heavy metals) A sustainable development vector in Mediterranean represented in the abscissa axis (W 1 ), while the grain size and mineralogical composition are mainly represented in the ordinate axis (W 2 ). Consequently, each point in the diagram is assigned to each sample according to its weight loss in both ranges of temperatures. The Cartesian diagram obtained in this way, with the position for each sample, is shown in figure 1 (Souani and Mghogha rivers) and figure 2 (Tangier Bay). Table 1 has been taken into account for the interpretation of the graphic. Samples located in the left side are characterized by a high percentage of sandy fractions in their granulometric composition and, in general, low organic matter content. In contrast, samples located at the right show a prevalence of the clay and silt fractions and large organic carbon content. Then, two zones on the graph would differentiate; therefore samples placed to the right would have a higher probability of heavy metals contamination. In fact, samples M2, M3 and M6 are silt-clay composition, M5 is sandy-silt-clay and M4 clayey-sand compositions and are located to the right of the diagram, and the organic carbon contained for this group of samples ranged between 0.7% (for M2) and 9.5% (for M6). It could be concluded with respect to the abscissa axis (W 1 ), that the samples located further to the right contain the highest percentage of organic compounds. Also, S1 (silty-sand) and S6 (sandy-silt-clay) compositions are located to the right of the diagram with low organic carbon content (1.5 % and 2.1 %, respectively). The other samples are sandy textured (M7, M8, S2, S4, S5, S7, S8, B5, B6, B7 and B8) or silty sand (M1, S3, B3, B4, B9, B11) or sand-silt-clay (S3, B1) or silty-clay (B2, B10) and are located in the left of the diagram; these sediments showed lower organic carbon content , between 0.1% and 1.5% for Bay samples, between 0.2 and 0.5 % for Mghogha samples and between 0.4 and 1.9 % for Souani samples. In relation to the ordinate axis (W 2 ), it could be concluded that the samples located at the top of the diagram are characterized by a high content of coarse fractions and those placed in the bottom contain a higher percentages of fine ones. For validation of the Cartesian diagram based on the overall metal contents at the sites investigated, metal pollution index (MPI) could be used. This index has been used by different authors and applied in marine sediments and is calculated according to USERO et al. (2000) with the formula: MPI = (Cf 1 x Cf s x . . . x Cf n ) 1/n ;
(1) where Cf n is the concentration of the metal n in the samples. Generally, high MPI values are indicative of important metal content in the sediment and therefore high organic compound could be predicted. For this reason, it was expected that samples located to the right of the diagram present the highest MPI values; hence, this index could be useful to validate the reliability of the Cartesian diagram. The MPI values of seven metals (Mn, Cr, Cu, Ni, Pb, Zn and Cd) obtained in previous works for sediments of the area under investigation, are summarized in table 1. The lowest MPI values were recorded at stations characterized with coarse fractions (S7, S8, M7, M8, S5, B5, B7 and B8) (overall MPI = 8.7) in agreement with the sandy sediments. They are located on the left of the Cartesian diagram. While the rest of stations showed higher MPI, fine granulometric composition prevailed and were located at the right of the diagram. It could be concluded that the highest values of MPI are in agreement with the fine sediment composition with a great capacity for adsorbing organic matter that could form the organometallic complexes and retain higher metal content. RODRÍGUEZ-BARROSO et al. (2010) concluded the text. This study provides a tool for pre-selecting the most polluted sediments based in thermogravimetric analyses. The procedure consists in a pre-wash or pre-treatment of the sediments recently picked up and then, a thermogravimetric analysis. The weight losses at two temperature ranges 250-600°C (W 1 ) and 600-900°C (W 2 ) are evaluated and are represented in a Cartesian diagram. Sediments located at the right of the Cartesian diagram have a high probability of being very thin material with high organic and metal contents, and sediments left of the diagram have a high probability of being thickly particulate material with low metal and organic content. Thermal analysis proves to be a very simple and reproducible technique which can be applied to the whole sample, with a short pre-treatment.
Conclusions

